This work presents the exploratory experimental results of a co-located solar receiver and thermal energy storage (TES) concept based on a pool of molten glass contained in a cavity, serving as solar receiver and TES medium simultaneously. Distinctive features of the system are the direct and volumetric absorption of solar radiation by the semi-transparent glass and a stationary TES medium. Only the charge cycle was studied, without a heat-removal system. Recycled soda-lime-silica (SLS) container glass of various colors was adopted as working medium in a setup tested at the ETH's High Flux Solar Simulator (HFSS). A steady 3D heat transfer model of the experimental apparatus, which couples Monte-Carlo ray-tracing and CFD techniques, was developed and validated against the experimental results. The tests used the HFSS as the only energy source, with maximum radiative fluxes of 1.2 MW m −2 and power input of 1.5 kW directly absorbed by the glass, which reached measured temperatures of 1300 o C, while the maximum temperatures -as predicted by the model-exceeded 1500 o C. Such conditions were maintained for 5 to 10 hours and no technical problems were encountered with the containment of the hot glass melt. These preliminary results demonstrate that silicate glasses are effective volumetric absorbers of solar radiation up to temperatures exceeding 1300 o C.
glasses are receiving attention as candidate TES materials.
23
Glass is a non-crystalline amorphous solid made of refrac- In the framework of the EU-funded project GLASUNTES 1 , 55 a co-located solar receiver and TES concept is investigated.
56
It consists of a molten glass pool contained in a cavity, serv- A schematic of the experimental setup is shown in Fig. 1(a) . form of cullet, which was rinsed with water, dried, and then pul- 
119
A multi-point thermocouple probe was designed and built.
120
Three standard S-type thermocouple-wires (90% Pt-10%
121
Figure 2: Section-view of the co-located solar receiver-TES system model, showing the thermocouples positions, the modeling domains, the boundary conditions, and the source term (sizes in mm). Fig. 4(b) .
229
The Planck-mean absorption coefficient, defined as (Modest, 2013)
can be adopted to evaluate the spectrally-averaged absorption
230
of radiation from a source at temperature T S by a medium at 231 temperature T . In Eq.1, I bλ is the blackbody spectral radiative Table 1 : Planck-mean absorption coefficient κ m of container glasses irradiated by a blackbody source at T S = 5777 K (eq. 1), corresponding photon meanpath length l m = κ −1 m , optical thickness τ L for a melt depth of 55 mm, and Rosseland-mean absorption coefficient κ R (eq. 5).
the spectral window 0.3 < λ < 4.5 µm, which contains 96% 
254
The insulation and the crucible are modeled as solid domains.
255
Being the cavity open, the air contained in it is heated during 
Governing equations

280
In the absence of motion, the energy conservation equation alone suffices to model the system, i.e., in steady vector form (Modest, 2013) ,
In Eq. 2, ∇ · q c and ∇ · q r are the divergence of the conductive 281 and radiative heat flux vectors, respectively, and S solar is the 282 source term accounting for the incoming solar radiation from 283 the HFSS.
284
The conduction transfers are modeled according to the Fourier's formulation of heat diffusion
where k is the phonon (or molecular) thermal conductivity of 
290
When τ L is much larger than unity, as it is the case for the amber glass (Tab. 1), the medium can be considered optically thick and the radiative heat flux can be expressed as (Modest, 2013) 
where κ R is the Rosseland-mean extinction coefficient defined as
Equations 4 and 5 express the well known Rosseland approximation (Rosseland, 1936) , which leads to define a radiative conductivity k R as
This approach allows to reduce the radiation problem in the glass to a heat-diffusion process with strongly temperaturedependent conductivity, i.e. (Modest, 2013) ,
In the optically-thick case, the conductive and radiative source terms in Eq. 2 can thus be expressed, for the glass, as
where k eff is the glass effective thermal conductivity k eff = k R +k.
291
Equation 6 is solved integrating numerically over the spectral window 0.3 < λ < 4.5 µm using the data of Endrýs et al. o C can be fitted with a third-degree polynomial as
where the temperature is in degrees Kelvin.
292
Notably, the diffusion approximation should be adopted with 
Experimental validation and results
333
The MCRT simulation of the HFSS was experimentally val- T S = source temperature in eq. 1 (K) l m = Planck-mean photon mean-path length (mm) L = characteristic system length (mm) q c = conductive heat flux vector Wm 
